L,' The hypothalamus and myocardium of 54 patients (27 males and 27 females, age range 12 to 73 years) who died after subarachnoid hemorrhage (SAH) were examined histologically. In 42 patients, hypothalamic and myocardial lesions were found; in seven, hypothalamic lesions only; and in five, no hypothalamic nor myocardial lesions. A similar examination was performed on a control group of 25 patients (12 males and 13 females, age range 17 to 70 years) who had died from a variety of causes, all producing raised intracranial pressure. In these, no lesions were found in either the hypothalamus or the myocardium. The age of the patient, the site of the vascular pathology, and whether an operation was performed appeared to have no effect on the occurrence of hypothalamic and heart lesions; however, there was a correlation between these lesions, progressive neurological deterioration, and varying pulse rates and blood pressures. This study produces further evidence of the involvement of the autonomic nervous system in some of the deleterious effects of SAH, and a suggestion is made as to possible treatment.
H
YPOTHALAMIC damage and myocardial lesions have been well described in patients dying after a subarachnoid hemorrhage (SAH), 2,3' 17 but until recently the close relationship between these findings had only been shown in animal experiments. 8,1a,2~ Although a correlation between hypothalamic and myocardial lesions occurring in SAH has been shown, 7 factors such as hypertension and the clinical course of the disease were not considered. This larger series was designed to examine in greater detail the relationship between hypothalamic and myocardial lesions, with particular attention to some clinical and pathological parameters that may be important in determining the incidence of these lesions.
Clinical Material and Methods

Patient Population
All patients were admitted into the Neurosurgical Unit at the Brook General Hospital between January, 1975, and December, 1977 . The patients were divided into two groups; one group included 54 consecutive patients (27 males and 27 females, age range 12 to 73 years), who had died after a spontaneous SAH, and the other group, acting as a control, comprised 25 patients (12 males and 13 females, age range 17 to 70 years), who died from a variety of causes, all of which produced raised intracranial pressure.
Histological Examination
The brains and hearts from the 54 cases of SAH and the 25 patients with raised intracranial pressure due to other causes (Table 1) were examined macroscopically. Microscopically, the hypothalamus was examined at three levels in paraffin blocks: 1) at the level of the optic chiasm; 2) at the level of the tuber cinereum; and 3) at the level of the mamillary bodies. These sections were stained with hematoxylin and eosin (H & E), hematoxylin/Van Gieson, and Luxol fast blue/cresyl violet.
The coronary arteries were examined in each case for atheroma. Five blocks were then taken, one each from the posterior wall, the lateral wall, the anterior wall, the septum, and the apex of the left ventricle for paraffin embedding, and the sections were stained with H & E. 
Clinical Classification
The clinical records of the 54 patients dying from SAH were examined (before the results of the histological examination were known), and the following information was obtained. The patients were divided into two groups, depending on their mode of death. One group included patients who died as a direct result of the SAH (that is, patients dying within 48 hours of their hemorrhage without any evidence of clinical improvement). The other group included patients who died after a hemorrhage, but in whom there was a definite clinical improvement followed by gradual neurological deterioration. All patients had blood pressure and pulse recorded every 4 hours throughout their inpatient stay. The results were assessed on a day-to-day basis. If the diastolic blood pressure variation was more than 35 mm Hg for 24 hours, or the pulse rate variability was above 50 beats per minute ~' and the fluctuations continued for over 48 hours, then these patients were classified as having varying blood pressures and pulse rates.
Other Studies
Standard 12-lead electrocardiograms (EKG's) were recorded in 19 of the 54 patients with SAH. The results were reported by a cardiologist and classified as being normal or abnormal.
All patients who had cerebral angiography were divided into two groups, namely, those with or without cerebrovascular spasm, depending on the neuroradiologist's report.
Results
Study of the Brain
Fifty brains in the SAH group were swollen, and in all cases subarachnoid blood of varying degrees was present. Major cerebral arteries at the base of the brain showed patchy atheromatous plaques in 12 cases, with severe atheroma in four of these cases; in the remaining 38 cases the arteries were in excellent condition. Coronal slices after 3 weeks of formalin fixation showed unilateral intracerebral hematoma in 18 cases, of which four cases also had intraventricular hemorrhage. There were bilateral intracerebral hematomas associated with intraventricular hemorrhages in two patients; hemorrhage extended into the hypothalamic region in both these cases. Intraventricular hemorrhage was present in 14 cases. Ten patients had unilateral cerebral infarction, and in one there was a bilateral infarction of the basal ganglia. Marked swelling was the only feature in five cases, and four brains appeared normal.
In the control group all 25 brains were swollen, but there was no evidence of hemorrhage or infarction. Twelve of the 25 cases showed a moderate degree of atheroma of the major cerebral arteries; the remaining 13 had excellent arterial trees.
Histologically, the lesions in the hypothalamus were of three types: 1) perivascular hemorrhage (Fig. 1) ; 2) microinfarcts; and 3) macroinfarcts (Fig. :2) . In 34 cases, hemorrhagic lesions were present with or without distention of perforating vessels, but they were localized in the periventricular region, predominantly in the paraventricular and supraoptic nuclei. There was marked edema of tissue surrounding the perivascular hemorrhages.
Three cases showed marked edema of the vessel wall involving the endothelial cells, with perivascular cuffing by polymorphonuclear leukocytes in the paraventricular and supraoptic nuclei, as well as microinfarcts, which were demonstrated by the presence of fat-granule cells and polymorphonuclear leukocytes along with depletion of neurons. In a further three cases where the entire hypothalamus was obviously infarcted, histology showed masses of fat-granule cells.
In nine patients there were minor lesions, such as edema, shrinkage of neurons, and increase in small round nuclei, probably macrophages. In five cases there were no hypothalamic lesions. In one case in the control group, a hemorrhage in a frontoparietal glioma had extended into the hypothalamus, otherwise there were no hypothalamic lesions in this group.
Study of the Heart
Special attention was paid to the size and weight of the hearts, and only patients with hearts weighing more than 350 gm with left ventricular thickness of more than 2 cm were classified as hypertensive. In the SAH group, there were 10 cases in whom atheroma of the coronary arteries was moderate; in another nine cases a few atheromatous plaques were present; and in the remaining 35 cases the coronary arteries were in excellent condition. There was no evidence of valvular disease in any of these cases, and in only one case did the myocardium appear congested. Histologically, in six cases individual necrotic muscle fibers surrounded by macrophages and inflammatory cells were present. In 30 cases, there were small foci of inflammatory cells between the muscle fibers with or without the presence of necrotic muscle fibers (Fig. 3) . In six cases, extensive hemorrhage was seen within the myocardium, but not in the subendocardial region.
According to the criteria used in the SAH group, 10 hearts in the control group were hypertensive, and in hese there were patchy atheromatous plaques in the coronary arteries. In the coronary arteries of the remaining 15 cases no abnormality was noted. In none of the control group were there any myocardial lesions.
In summary, in the SAH group, 42 patients had hypothalamic and myocardial lesions, seven had hypothalamic lesions only, and five had no hypothalamic nor myocardial lesion. In all cases the lesions in the hypothalamus were bilateral and diffuse.
Age and Sex Distribution
The age and sex distribution of the 54 patients is shown in Table 2 . The distribution of the hypo- thalamic and myocardial lesion is also illustrated. There is no change in the incidence of hypothalamic and myocardial lesion over the age range shown. Interestingly, hypothalamic and myocardial lesions were found in the youngest patient, a boy aged 12 years. There was a greater incidence of hypothalamic and myocardial lesions among the females in the series, 26 of 27 females, as opposed to 16 of 27 males; the difference reaches statistical significance (X ~ = 8.7; p < 0.01). Table 3 shows the number of aneurysms at different sites and the incidence of hypothalamic and myocardial lesions for aneurysms, arteriovenous malformations, and in those patients where no pathology was found. The high incidence of hypothaiamic and myocardial lesions in all groups, irrespective of pathology or site, is illustrated. Table 4 shows the association between other lesions found in the brain and hypothalamic and myocardial lesions. All the areas of infarction were in the territory supplied by the artery from which the aneurysm arose. Small ischemic areas were not considered, which accounts for the relatively small number of infarcts as compared to other lesions. There is no significant difference between the type of other cerebral pathology and the evidence of hypothalamic and myocardial lesions. Table 5 shows the incidence of cardiac lesion in patients whose hearts were more than 350 gm in weight, with the thickness of the left ventricle more than 2 cm, compared with those patients whose hearts were considered not to be hypertensive. The difference achieves statistical significance (x ~ = 5.1; p < 0.05).
Aneurysms, A VM's, and Other Lesions
Clinical Features
Mode of Death. Table 6 shows the incidence of hypothalamic and myocardial lesions when the mode of death is considered. The difference in incidence of hypothalamic and associated myocardial lesions between patients who died following a hemorrhage, and those whose neurological condition gradually deteriorated, achieves statistical significance (x ~ = 4.61; p < 0.05).
Varying Pulse and Blood Pressures.
It was interesting to note that a majority of the 54 patients lost their normal diurnal variation of blood pressure. In 27 patients, there was marked fluctuation in the pulse rates and blood pressures at some stage in their illness, lasting for longer than 48 hours. The incidence of hypothalamic and myocardial lesions occurring in this group is compared with the remaining 27 patients who did not have marked variation in pulse rates and blood pressures ( Table 7) . The difference between the two groups achieves statistical significance (X 2= 5.3; p < 0.05).
Electrocardiographic Studies. Only 19 patients had EKG's performed; all of them had histological evidence of myocardial lesions, yet in only 13 were the EKG's abnormal. Most of the EKG's were carried out within the first 24 hours after the initial hemorrhage.
Cerebral A ngiography. Twenty patients had carotid angiography performed. Radiographic evidence of cerebrovascular spasm was shown in 12 cases; of these, 10 had hypothalamic and myocardial lesions, one had a hypothalamic lesion, and in one no lesion was found. Of the remaining eight cases, five had hypothalamic and myocardial lesions, and three had hypothalamic lesions. The difference between these two groups is not significant.
Surgery.
Eleven patients had direct aneurysm surgery. Of these, 10 had hypothalamic and myocardial lesions, and one had a hypothalamic lesion only. The aneurysm was clipped in eight cases, although whether the aneurysm was clipped or wrapped made no difference to the occurrence of the various lesions. Although there is a higher incidence of hypothalamic and myocardial lesions in patients who had surgery, when compared to the remaining cases in the series, this fails to achieve statistical significance. 
Discussion
Crompton s described hypothalamic damage in patients after SAH, and myocardial lesions associated with an SAH have been well documented, ~ but it is only recently that there has been an attempt to correlate the occurrence of lesions in these two sites. 7 This present study demonstrates a strong correlation between hypothalamic and myocardial lesions. Other cerebral pathology was found in all but four of the 54 patients, but there was no significant association between any one type of pathology and hypothalamic and myocardial lesions.
The lack of hypothalamic and myocardial lesions in the control group does cast doubt on raised intracranial pressure as being the sole factor necessary to produce the variety of cardiovascular changes found following an SAH? ,~ Experimental and clinical evidence points to other factors being involved? ,13 Thus, hypothalamic stimulation in animals has been shown to produce the cardiovascular changes seen after SAH, including blood pressure and pulse variation and histological evidence of myocardial necrotic lesions. ~~ Experimental SAH in animals, while producing similar cardiovascular effects, has also been associated with high levels of catecholamines in the blood and myocardial tissue? The more severe the reaction of the animal to the SAH, the greater was the effect on the cardiovascular response, and the higher the level of catecholamine in the myocardial tissue. This is reflected in the present study, where the patients with marked variation of pulse and blood pressure had a significant number of myocardial lesions.
The age of a patient, the site of the aneurysm, and whether an operation was performed appeared to have no effect on the occurrence of hypothalamic and heart lesions. This is a similar conclusion to that reported by Crompton concerning hypothalamic lesions? Female patients showed a significant tendency to have both hypothalamic and myocardial lesions. The increased susceptibility of females to myocardial changes following SAH raises an intriguing question as to the interrelationship between increased catecholamine levels, hormones, and myocardial lesions, which is beyond the scope of this paper.
The interesting and rather surprising finding of a significant increase in myocardial lesions in pathologically nonhypertensive hearts adds support to recent observations in animal experiments. Louis, et al., TM have shown a decrease in the synthesis of norepinephrine as well as a reduced rate of release of norepinephrine in the hearts of spontaneously hypertensive rats. This result confirmed that of de Champlain, et al., 8 who also demonstrated increased concentration of monoamine oxidase in the hypertrophied myocardium of hypertensive rats. This suggests that, when stressed, the hypertrophied myocardium of hypertensive patients produces less norepinephrine, and possibly explains the results observed in this study.
On the evidence of a strong correlation between levels of consciousness, varying blood pressure, pulse rates, EKG changes, and catecholamine levels with prognosis, 4 we attempted to correlate some clinical parameters with the histological findings in the hypothalamus and myocardium. The normal EKG's in patients who were later demonstrated to have myocardial lesions can be explained by the fact that all the EKG's were done within 1 to 2 days of the hemorrhage, and each of the 19 patients had only one EKG recording. Abnormalities on EKG's following an SAH occur at varying times, and in order to record these changes, several EKG's have to be carried out during the course of the illness.
The failure to correlate the angiographic findings of cerebrovascular "spasm" and hypothalamic and myocardial lesions is to us hardly surprising, for it is the perfusion of small vessels not shown on angiography that we believe to be of major importance in this condition. The striking cardiovascular responses following an SAH are probably induced by spasm of the small vessels supplying the hypothalamus, which leads to an abnormal hypothalamic R. Doshi and G. Neil-Dwyer response. This may produce, by direct action on the sympathetic nervous system, increased catecholamine production 15,18 and, indirectly through the pituitary adrenal axis, high levels of plasma cortisol? ~,~ The result of this, with the potentiating action of corticosteroids on the vascular effects of catecholamines, TM is probably to produce the myocardial lesions and the EKG changes seen after an SAH. This hypothesis receives additional support in this series with the histological appearance of the hypothalamic lesions, particularly in the three cases with complete infarction of the hypothalamus. Thus, the most significant observation from this aspect of the study was the correlation between progressive neurological deterioration, varying blood pressure, and pulse rates with the incidence of hypothalamic and myocardial lesions.
This study has produced further evidence of the involvement of the autonomic nervous system in some of the deleterious effects of SAH, and adds weight to the suggestion that beta-blockade may be effective in preventing some of the complications following an SAH.
